Drying food involves complex physical atmospheric mechanisms with non-linear 13 relations from the air-food interactions and those relations are strongly dependent on the 14 moisture contents and the type of food. Such dependence makes it complex to design suitable 15 dryers dedicated to a single drying process. To streamline the design of a novel compact food-16 drying machine, a heat pump dryer component design optimization algorithm was developed 17 as a subprogram of a Computer Aided Engineering tool. The algorithm requires inputting food 18 and air properties, the volume of the drying container and the technical specifications of the 19 heat-pump off-the shelf components. The heat required to dehumidify the food supplied by the 20 heat exchange process from condenser to evaporator, and the compressor's requirements 21 (refrigerant mass flow rate and operating pressures) are then calculated. Compressors can then 22 be selected based in the volume and type of food to be dried. The algorithm is shown via a flow 23 chart to guide the user through 3 different stages: Changes in drying air properties, Heat flow 24 within dryer and Product moisture content. Example results of how different compressors are 25 selected for different type of produces and quantities (Agaricus Blazei mushroom with 3 different 26 moisture contents or fish from Thunnini tribe) conclude this article. 27 28 29 1. Introduction
on its temperature, amount of water as vapor and the air`s occupied volume [8] [9] [10] .
107
To provide the readers less clutter information on the variables of the equations, a list of variables 108 and units is shown in the end of the article.
109
At first it is necessary to obtain the vapor saturation pressure and the absolute humidity .
110
The air humidity after the contact with the food in the first iteration and after the air leaves the 111 evaporator, corresponding to air process C and A in Fig. 1 , are calculated by Eq. (1) and (2):
112 113 = 6 10 25 1000 * 5 • (− 6800 )
In the following iterations, the absolute humidity is obtained by adding the total humidity lost by 115 the food to the air humidity after it left the condenser, process B to C in Fig. 1 
The determination of the transport properties, equations (11) to (17) as stated by [7] , require the 125 non-dimensional dry air/water vapor proportion parameters Φ and Φ , equations (9) and (10) 
The acronyms and respectively represent the molar masses of the vapor and dry air while 
130
Firstly, the thermal conductivity of the humid air k is given by Eq. (11) .
And, the specific heat of this air is obtained with Eq. (12) .
These properties are used to obtain the thermal diffusivity α, which is expressed by Eq. (13).
133
= * (13) Also, the mixture density for incompressible gases are calculated according to Eq. (14):
The transport properties that govern the fluid`s movement are calculated from the equations 135 pointed by [7] . The dynamic viscosity of the mixture results from Eq. (15): 
149
The reasoning behind this is that controlled temperatures are a main focus of the algorithm to 150 assure product quality. Also, the heat exchangers and fans are parts that affect the final product 151 dimension if changed, and so, by selecting products that are available in the market, the cost of 152 production is expected to drop and the final product construction can be streamlined. Any machine 153 designed through this method will have its power output controlled through the variation of the 154 compressor`s cycle rate.
155
At this stage the fans diameter is used with previously calculated air speed and density to obtain 156 the air mass flow rate, which will be used in the third stage for controlling the removed water.
157
With the combined data from Stage 1 and the dimensions of components, the heat which will flow 158 to the air is calculated. That heat is the same that is removed from the refrigerant fluid, and since the 159 temperatures have been set, the enthalpy variation of the refrigerant expected is known and so its mass 160 flow rate is achieved.
161
To do so, the equations used were the ones that relate to the heat exchangers, such as logarithmic 162 mean temperature difference, Nusselt and Reynolds dimensionless numbers, global heat conductivity 163 and heat flow equation at heat exchangers. These equations are pointed out in [12] [13] [14] [15] .
164
The logarithmic mean temperature difference ∆ is a variable that accounts for the logarithmic jointly with the external`s fluid temperature to obtain a mean value that can be used in heat transfer 167 equations.
168
∆ = ( − ) − ( − ) log ( − ) ( − )(18)
169
These equations also require a mean global heat flux coefficient . This has the same principle of Where is the total exposed heat exchanger area. The heat can be used, as previously mentioned,
184
together with the variation of enthalpy ∆ , to obtain the refrigerant mass flow rate ̇.
185
̇=∆ (24)
Stage 3 of the algorithm 186
The third stage, the food analysis, is a control stage. This means that in it the algorithm has its 187 control variables calculated to provide the iterative results that make the calculating cycles continue or and speed to calculate the water loss variation [4, 5] .
192
For the calculus of the water mass transfer and consequently total moisture left in the product the 193 air diffusion coefficient is used as cited at [12, 16] . This coefficient is presented in Eq. (25). 
247
For the final stage shown in Fig. 4 , the results are given as a function of the amount of water in 
256
The whole algorithm is depicted in Fig. 5 showing the 3 stages that correspond, in Fig. 1 , to the 
261
The flow chart allows for an easier overview of the process (Fig. 5 ). This handy resource guides 262 its user from a basic starting point towards its desired goal which makes designing simpler since 263 every information required can be traced back. 
284
Considering that 90% of the drying container`s volume is filled with food and that the 285 mushroom`s amount of water for 3 different cases is: 60%, 80% and 88%, the humidity removed can 286 be calculated based on the container's volume. This is used as a variable parameter from which the 287 power output can be measured. Also, the temperature of drying was set to 80 °C , the superior 288 temperature limit from which this particular mushroom species starts having chemical and 289 organoleptic changes.
290
The algorithm simulated moisture removal for those given conditions and the results are 
296
The simulation results show a clear need to upgrade the compressor from type I to II while 297 increasing the amount of Agaricus Blazei mushrooms from 45 to 123 kg, a 2.73-fold increase in drying 298 needs to a 1.6 increase in compressor power. Furthermore, an increase of 1 
